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THE RAPID ADVANCE of medicine in this century has created repeated
revolutions in thought and at every turn we have had to discard old ideas in
favour of the new. The process can at times be quite painful as we realise the
past error of our thinking and the confusion into which we had fallen. Today I
shall take up some historical illustrations, finishing up with some personal
experiences on some more recent events in the advancement of medicine.
Research in medicime does not proceed in a straight, direct line of logical steps,
comparable to those which seem to be employed in the physical sciences and in
mathematics, but rather in a sequence of often isolated and apparently uncon-
nected observations which may seem to lead nowhere for the time being until
some collateral information or experiment enables the experience to be fitted
into place. The build up of biological knowledge is slow and quite often it
depends on chance, and until a sufficient number of collateral data have been
collected observations may be impossible to explain.
RESPIRATION
In the early part of the eighteenth century (c. 1720) that indefatigable experi-
menter, the Reverend Stephen Hales, Vicar of Teddington, measured the blood
pressure of a horse using the windpipe of a goose instead of the rubber tubing
we should use nowadays to connect his glass manometer to the crural artery.
He also made early measurements of the cardiac output of the living heart of
various animals. He measured the transpiration stream and the rise of sap in
plants and later in his life he studied respiration. He measured the volume of
air inspired through respiratory valves and the volume of air expired. He found
that the volume of expired air was smaller in volume than that of the air inspired.
His observation was obviously correct because, as we know now, the respiratory
quotient is normally less than 1, i.e. less CO2 is expired than oxygen is taken up.
Furthermore as he collected the gas over water no doubt some of the CO2 was
dissolved. This correct and precise observation mystified him completely as it was
inexplicable at that time. Carbon dioxide had not yet been discovered and the
realization of the place of oxygen in combustion had not yet been appreciated.
Joseph Black and Lavoisier had not yet begun their work. Stephen Hales' specu-
lations naturally led to some confusion in his own mind, but he at least emerged
with further useful ideas. He called the expired air vitiated air, realised that
something had happened to it, and he became an advocate of proper ventilation
and his later practical contribution was the invention of a ventilating pump driven
by a windmill to improve the ventilationn of the then overcrowded Newgate
Prison. In order to regulate his windmill he also invented a wind anemometer
to measure the speed of the wind. You will agree that he was a man of singular
ingenuity, but with the knowledge of his day he could not be other than baffled
by his observation on the diminution of the volume of the expired air. It took
in fact more than another 100 years to realise that carbon dioxide was produced
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which was finally proved by Pfluger, the German physiologist, following perfusion
of the tissues of a living frog and extraction of carbon dioxide by a vacuum pump
from the perfusion fluid. This discovery was made only about one hundred years
ago. Thus precise observation, enthusiasm and scholarship may all fail for lack
of surrounding knowledge. We are in no better case today. "There are more
things in heaven and earth than are dreamed of in our philosophy."
SCURVY
Let us take another story, the story of scurvy. The cause of scurvy, as we all
know, is lack of Vitamin C in the diet. Man and the primates, and the guinea
pig, are the only known susceptible animals as the rest of the mammals seem
to be able to synthesise the vitamin from carbohydrate.
Jacques Cartier (1535) in the St. Lawrence River had his crew entirely disabled
by scurvy and learned a cure from the Indians-probably an extract of pine
needles but the identification of the tree was not clear from his writings.
James Lind (1753), taking the hint from the story of a sailor who, unable to
walk from the scorbutic bleeding in his leg muscles, had chewed grass to slake
his thirst and been cured, tried orange and lemon juice. He studied twelve sailors
comparably stricken with the disease. Two got orange and lemon juice and the
others, two by two, were given other treatments for the disease. Within a few
days the orange juice treated men were on their feet helping with the care of the
others who continued crippled: a controlled experiment. Unfortunately, the dis-
covery that lemon juice was curative was muddled and lost after the Napoleonic
Wars through substitution of lemons by limes, the vitamin C of which is much
lower and deteriorates on storage more rapidly than that of lemons. Scurvy
returned on long voyages.
By the end of the century faith in lime juice was understandably lost. Nansen's
Arctic voyages were made with no supplies of fruit but his men were free from
scurvy because they shot and ate fresh game. In 1900 Lord Lister communicated
to the Royal Society experiments by Harley and Jackson on monkeys showing
failure to prevent the disease in monkeys by adding a daily apple or banana to
a diet of tinned meat. We now know that apples and bananas are poor sources
of vitamin C. These unsatisfactory experiments were considered to prove the
inadequacy of fresh fruit in prophylaxis and tainted food was considered to be
the cause. Tragically this confusion and lack of understanding led to the disaster
of Scott's south polar expedition who perished from this preventable disease.
Meantime clinicians were expanding more precise observation well in advance
of the laboratory scientists. Sir Thomas Barlow (1883) recognized that scurvy
was developing in infants fed on proprietary spray-dried (oxidised) milk, and Dr.
George Sutherland in 1906 recognized that the antiscorbutic properties of fresh
milk were destroyed by oxidation on boiling.
Accessory food factors (Hopkins, 1909) or vitamins (Funk, 1912) were later
recognized and St. Gyorgi in 1928 isolated what he called hexuronic acid,
appreciated in 1932 as vitamin C and then called ascorbic acid, responsible for
maintaining the integrity of our connective tissues.
In this story we see Lind's great discovery made, lost again by terminological
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sive and appalling human disasters, observations of precision made by clinicians
long ages before they could be explained by chemists, animal experiments failing
to clarify because lemons and oranges cannot be substituted by apples and bananas,
but dependent for its final acceptance on the invention of a word (vitamin) and
the final precise chemical identification of the substance, ascorbic acid. It took
nearly 200 years.
Here we have observations of convincing and repeatable accuracy made and
lost because of lack of precision, such as assumptions that any form of fresh fruit
might do, and failure to clear up the mystery of variations in susceptibility of
different animals until the exact chemical substance was pinpointed. It illustrates
also the enormous contribution which is made by modern organic chemistry.
PERNICIOUS ANAEMIA
When I was a medical student, pernicious anaemia was as fatal and mysterious
as cancer. Great effort and thought went into attempts to understand its real
nature. The bone marrow was profoundly disturbed and became megaloblastic.
The blood got thinner and thinner and became macrocytic. All these were known
as well as the association with achlorhydria or indeed gastric achylia. The latter
was treated by oral hydrochloric acid and oral sepsis was considered to form
toxins which in the absence of hydrochloric acid in the stomach poisoned the
bone marrow. Arsenic (which we never hear of nowadays) was regarded as the
sheet anchor of treatment. A haemolytic process often complicated defective red
cell production and haemolysins were also suspected of playing a part. The same
blood picture could occur sometimes in relation to pregnancy and though grave
this type could recover. Then the whole situation was somewhat confused by
the occasional striking occurrence of combined pictures of leukaemia and pernicious
anaemia which led to serious discussion as to whether pernicious anaemia might
not in fact be a megaloblastic tumour of the bone marrow. One observation stood
out, though outside the experience of British physicians, that was the occurrence
of a blood picture like pernicious anaemia in Finland where the habit of eating
raw fish led to human infestation with diphyllobothrium, an intestinal worm,
removal of which was accompanied by cure of the blood picture. Although this
was an accepted part of the story it simply added to the mystery.
In the year I graduated in medicine, 1927, the B.M.A. meeting was held in
Edinburgh, and one of the topics was pernicious anaemia. A paper was submitted
by Minot and Murphy announcing the curative effect of half a pound of liver a
day. Dr. George Graham, who was then secretary to the Section of Medicine,
tells me there were doubts as to whether this paper ought to be read. I remember
well the incredulity with which liver treatment was received. Most speakers at
the meeting considered it impossible that a dietetic measure of this sort could be
effective in such a grave and universally fatal disorder. Within a few months,
however, the curative effect of liver was being overwhelmingly proved, although
many of the conservative physicians of the day still preferred to give arsenic as
well! Precisely what it was in liver that effected the cure remained uncertain and
pharmaceutical manufacturers vied with one another in producing better and
more effective liver extracts because there always remained a small residue (about
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took a long time before the inter-related parts played by folic acid and vitamin
B12 were clearly defined and now at long last all the mysterious and perplexing
exceptions causing the so-called refractory anaemias seem to be explicable. Folic
acid which acts together with B12 is deficient in both sprue and pregnancy anaemia.
Vitamin B12 is not absorbed in pernicious anaemia and the fish tapeworm uses
up any B12 that may be present in the gut leaving little over for the infested
subject. In the mysterious combination of leukaemia and pernicious anaemia
proliferating leukaemic cells require large amounts of folic acid for their rapid
growth and divert this important factor from red cell maturation. The various
baffling observations of earlier days now begin to fall into place. It was always
known that the tropical megaloblastic anaemias were much more difficult to treat
than those occurring in temperate zones. The African disorder of sickle cell
trait in itself makes excessive demands on the bone marrow with the result that
in certain parts of the tropics megaloblastic anaemia almost invariably develops
in pregnancy. Excessive demands on red cell growth can often outstrip what would
otherwise be a normal amount of available nutrient factors. It is perhaps worth
recording one other recollection. Somewhere in the interplay of folic acid and B12
in red cell maturation ascorbic acid is necessary. At the first clinical lecture I
attended as a student in Edinburgh in 1924 we were shown a case of scurvy. The
physician (Dr. H. L. Watson-Wemyss) told us how this old poverty-stricken
bachelor was cured of his disease. He added, "One thing I do not understand
was that this patient had a blood picture indistinguishable from pernicious anaemia
and this has now got better". Here was one of those baffling observations unex-
plained at the time of which the good clinician as a field naturalist in disease so
frequently becomes aware. The link of pernicious anaemia to nutritional factors
was in fact before his very eyes though we cannot of course blame him for his
inability to piece the picture together. Nature plays a game in which we are
handed little bits of a jigsaw puzzle which we cannot complete until we see the
neighbouring picture.
Sir Thomas Browne used the words "little entities still in their chaos". I suppose
he meant those observations and awkward facts which do not seem to fit in to
any system of knowledge and which may perhaps even appear to add to confusion.
SERUM JAUNDICE
I should like to add the story of serum jaundice. Following Ehrlich's introduction
of organic arsenicals for the treatment of syphilis, intravenous injections were
repeatedly used at weekly intervals over long periods of months in afflicted
patients. Jaundice occurred frequently and became a recognised complication of
these intravenous regimes. It was also known that some of them might die of
acute liver necrosis but the aetiology remained obscure, most people being satisfied
with the suggestion that it was a combination of syphilitic damage and arsenical
toxicity. The jaundice usually got better and an observation made by Earle Moore
that arsenotherapy could be continued in the jaundiced patient without impairing
his chances of recovery seemed to rule out arsenic toxicity as an important factor.
In the early days of the war, arsenotherapy jaundice was still continuing and
following the production of liver damage by Himsworth and others in rats on
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contributory factors. In 1942 with Professor Dible and later Dr. Shelia Sherlock
I became involved in the study of hepatitis by means of liver biopsy and
it became quite apparent that the pathological picture of ordinary epidemic
hepatitis and arsenotherapy jaundice were identical. One could say quite definitely
that there was no histological evidence of syphilis and there was very little evidence
of the characteristic features of experimental heavy metal poisoning (with which
I was familiar in animal experiment) in those livers from patients who had been
subjected to arsenotherapy.
In 1942 several score thousand American soldiers arrived in Northern Ireland
and among those who had been inoculated against yellow fever before leaving the
home base in the United States there occurred an epidemic of jaundice, several
hundred patients with quite a few deaths. The occurrence of jaundice following
yellow fever inoculation had already been recorded in this country by Findlay
and MacCallum (89 cases of jaundice in 3,1000 inoculated). In 1937 there had
occurred an incident in which seven mentally defective children had been inoculated
with convalescent measles serum for protection against this disease. After an
interval of 78 to 83 days these children developed jaundice: three developed
rapidly increasing signs of liver failure and died of acute liver necrosis (Propert,
1938). Two of the fatal cases belonged to one family and it was the father who
asked for an enquiry which led to recognition of jaundice as a risk from the
inoculation of convalescent measles serum. Meanwhile trials of pooled serum for
transfusion and shock were recognised as icterogenic after a long incubation
period of 2-3 months. The whole business was exceedingly baffling as the yellow
fever experience had shown that as little as 0.1 cc. of human serum from a
normal subject heated to 600 for one hour would still be capable of producing
jaundice after this lengthy incubation period of 90 days. But the facts were there
in abundance. At a meeting of the Venereal Diseases Society in 1943, Dible and I
presented strong evidence for identity of arsenotherapy and serum jaundice.
Minute amounts of serum from one icterogenic subject remaining in the barrel
of a syringe would be enough to cause the epidemics. Major M. H. Salaman
in the autumn of 1943 introduced in his venereal disease clinic a regime of a
fresh autoclaved syringe for each injection and in the following year was able
to report that this technique virtually abolished the occurrence of jaundice from
arsenotherapy.
The relationship of contamination of syringes with human serum might have
been appreciated earlier from the publications on epidemics of jaundice occurring
in rheumatism clinics (intravenous gold preparations). An outbreak also occurred
in a diabetic clinic from the use of a spring gun skin pricker for blood sampling
(Graham, personal communication). I suppose the inhibiting influence was the
reasonable view that human blood drawn from the circulation would be sterile.
And we are indeed far from understanding why in certain apparently healthy
individuals blood should contain an icterogenic agent. The donors seldom give
a history of any previous attack of jaundice or other liver disease. Yellow fever
vaccine was at first suspended in a minute amount of apparently normal human
serum but when it became possible to suspend it in an aqueous solution (after 1943)
no instances of jaundicefollowed its useprovided always that the syringes were clear.
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of serum jaundice was cleared up in a decade between the mid 1930's and the
mid 1940's, under the stimulus of the growing experience of serum jaundice
and other forms of jaundice precipitated by wartime epidemics. If we have any
pride left in our dilatory recognition of this condition it will be dispelled by the
realisation that the experience was documented in 1886 by Hirsch. Here is his
description (Handbook of Geographical and Historical Pathology, 1886, New
Sydenham Society's translation, Volume 3, page 424).
In consequence of some cases of small pox among the shipyard workers of Bremen,
revaccination had been ordered. "Between the 13th August and 1st September 1,289
persons were vaccinated by six doctors with humanised lymph in glycerine and of these
191 took jaundice in the course of a few weeks. Other doctors vaccinated 87 of the
men away from the yard and of the latter none took jaundice. Among 500 other
workmen who were vaccinated at the same time with a different lymph there was
not a single case of it. It is remarkable that the incubation period or the time between
the vaccination and the appearance of jaundice extended to several weeks."
Hirsch ascribed the jaundice to "bad lymph". But his observation was "out
of time", and he could hardly be blamed for failing to recognize that it might
have been the addition of human serum to calf lymph which was responsible.
Pinpointing the culprit in this disorder was indeed not an easy exercise as it was
hard to suspect human serum. While we assume the likelihood of a virus it
would perhaps be safer to talk about a noxious agent and make no further mistakes.
Precision in medicine is vital. Loosely phrased statements lead to errors.
TRAUMATIC ANURIA
Finally, I should like to take up the matter of traumatic anuria. During the
bombing of London in the autumn of 1940 we received a number of casualties
who had been partially buried or trapped by the limbs under fallen buildings.
Often after passing some urine which was smoky or apparently bloodstained
these patients became totally anuric. The illness ran a characteristic and intractable
course terminating in fatal uraemia after about a week. Dr. Eric Bywaters under-
took the task of documenting and investigating such patients. To the naked eye
the kidneys, perhaps a little swollen, showed relatively little but on microscopic
examination desquamation of tubular cells was noted giving the picture we now
recognise as lower nephron nephrosis or acute tubular necrosis. The pigment
passed in the urine was identified as myoglobin and the muscles in the com-
pressed or crushed limbs were often pallid and depigmented. We compared the
condition to the anuria which followed mismatched transfusion and studies were
made to try to define what part was played by necrotic muscle products including
myoglobin itself. Following the early reports our team was subjected to a barrage
of criticism. Because we took daily blood samples for analysis and catheterised
the patients to observe what urine was available, Professor Harris of Cambridge
wrote scathingly about our efforts to define this crush syndrome, saying it should
be called the "continuous interference syndrome". Professor John Ryle also
raised objections at a meeting of the Association of Physicians in Oxford in 1941,
saying that what these patients needed was kindness and less investigation!
Professor Barnard, who held the Chair of Pathology at St. Thomas's Hospital,
wrote to Professor Dible asking him to stop his clinical colleagues making further
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and he had in fact seen it in septic abortion. He regarded it as a terminal mani-
festation in an otherwise fatal disease and of no special significance.
Looking back on this period, one has no regrets. We defined a syndrome
which was not previously recognized, but for which effective treatment was
subsequently evolved. Beginning with the artificial kidney put into successful
action by Kolff, who presented us with one of his models which we began to use
in 1949, other methods of control, particularly dietetic, were shown to be effective
in the milder cases and after a year or two the artificial kidney came back into
use for the more severe cases. Anuria and acute renal necrosis were shown to
follow not only severe injuries but other surgical procedures such as unduly long
application of tourniquets, gall bladder operations, mismatched transfusion, lesser
degrees of renal cortical necrosis and (Professor Barnard was right) septic abortion.
Many such patients can now be managed and indeed kept alive over periods of
weeks by the application of the artificial kidney and they can be restored to full
health. It is interesting to think also of the evolution of our ideas on the need
for treatment. A few years ago we thought that one artificial kidney to a popu-
lation of about ten million would be adequate, i.e. five for Great Britain. There
must now be twenty or more such units up and down the country and they are
all busy as far as I can learn.
As far as we could find there was very little previous documentation of this
condition. A very brief description of it had been made among the buried victims
of the Messina earthquake in 1911 and Minami, a Japanese working in Germany
in 1920, had studied the kidney taken from soldiers who had been partially
buried during the 1914-18 war. The clinical picture was not very clear but a
German pathologist had put these kidneys aside for later study. The pathology
was as we found it later but no clear recognition of the clinical syndrome was
extant until the paper by Beall and Bywaters.
Wilfred Trotter truly said, "There is no more potent antigen known to science
than a new idea". Some of the elders of our profession were certainly unsympa-
thetic when we began our descriptive biochemical and pathological studies. We
do not know the mechanism of renal shutdown in these patients and there is in
fact a vast field of investigative endeavour which must still be pursued, but at
least we can feel thankful that much saving of life has stemmed from these early
endeavours. I suppose the development of anuria was simply regarded as an
ante mortem sign of grave prognostic significance and patients were regarded as
moribund. Certainly these patients that we saw in the early days of the blitz
could have been saved by our modern techniques. Their blood pressures were
often well sustained and they were acutely conscious of the trouble which was
developing. It was their very distressing fears and anxieties during the fateful
week before death which spurred us to further efforts at comprehension and we
should certainly have failed in our duty had we not made the studies which
we did.
If young men are making new observations, and particularly if they are using
new methods, you can be sure they will be greeted by benign incredulity. They
will be criticised for doing something unnecessary and which their predecessors
had always been able to get along without, and even weighty authority may come
109in to try to put a stop to whatever is being done. No committee can ever under-
stand fully their motives and they will have to rely on no-one but themselves to
carry through the new ideas. We may perhaps regard this pattern as a rather
sad fact of medical history but there is of course another side to it. It can in fact
be dangerous to be unorthodox and our profession rightly applies brakes and so
long as the brake is activated by critical thought and scholarship no-one can
complain. It is up to the innovator to produce acceptable proof of his ideas.
I have probably said enough about observations out of time. When I was
thinking of a tilte for this talk, which was vaguely germinating in my head, I
thought of the title "The Research Spiral". By this I mean that research does
not proceed in a straight line of logical steps but rather biological observations
are made at first almost at random and perhaps by chance. Even the most per-
cipient intellect may fail to grasp the full significance of what is before his eyes.
When Sir Thomas Lewis heard about myocardial infarction in 1925 he said it must
be rare in England. The following year he had one himself. Karl Pearson strongly
opposed Mendel's principles, which only gained final acceptance in Britain in the
mid 1920's. The approach to each new step in the build-up of knowledge is often
made by a somewhat long and circuitous route, often involving other sciences
and new technologies, but it finally arrives again at a point where the earlier
observations seem to fall into line but we are then one loop higher in the spiral.
I have tried to illustrate my theme from history and also from personal
experience. So far as the latter is concerned, I have been endlessly humiliated
during my professional life by the thought of my own early and continuing
ignorance. Each day, particularly as I attend the post mortem room, my humiliation
is renewed as I realise that full comprehension of even the most commonplace
disease processes is still beyond our grasp. We look and we say "How very
interesting" and come away puzzled. I have no doubt that many of the answers
are in fact before our eyes if we could only understand them and we may be as
blind as we were over the matter of arsenotherapy jaundice. After all, we are
still the same people and advancing years may add to our experience but they
do not make us any more quick-witted. But at least we begin to understand what
Hippocrates meant when he said:
The Art is long
Life is short
Judgement difficult and the occasion fleeting.
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